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This is a Continuation Application of USSN1 0/302,556 filed on November 23, 2002 

TITLE OF THE INVENTION 

A FLUID EJECTION DEVICE THAT INCORPORATES COVERING 
FORMATIONS FOR ACTUATORS OF THE FLUID EJECTION DEVICE. 

INVENTOR 

Kia Silverbrook 

1 0 STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 

Not Applicable 

FIELD OF THE INVENTION 

This invention relates to a fluid ejection device. More particularly, this invention 
relates to a fluid ejection device which incorporates covering formations for actuators of the 
fluid ejection device. 

REFERENCED PATENT APPLICATIONS 

20 The following patents/patent applications are incorporated by reference. 
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1 0 BACKGROUND OF THE INVENTION 

As set out in the above referenced applications/patents, the Applicant has spent a 
substantial amount of time and effort in developing printheads that incorporate micro 
electro-mechanical system (MEMS) - based components to achieve the ejection of ink 
necessary for printing. 

As a result of the Applicant's research and development, the Applicant has been 
able to develop printheads having one or more printhead chips that together incorporate up 
to 84 000 nozzle arrangements. The Applicant has also developed suitable processor 
technology that is capable of controlling operation of such printheads. In particular, the 
processor technology and the printheads are capable of cooperating to generate resolutions 
20 of 1600 dpi and higher in some cases. Examples of suitable processor technology are 
provided in the above referenced patent applications/patents. 

The Applicant has overcome substantial difficulties in achieving the necessary ink 
flow and ink drop separation within the ink jet printheads. A number of printhead chips that 
the Applicant has developed incorporate nozzle arrangements that each have a nozzle 
chamber with an ink ejection member positioned in the nozzle chamber. The ink ejection 
member is then displaceable within the nozzle chamber to eject ink from the nozzle 
chamber. 

A particular difficulty that the Applicant addresses in the present invention is to do 
with the delicate nature of the various components that comprise each nozzle arrangement 
30 of the printhead chip. In the above referenced matters, the various components are often 
exposed as a requirement of their function. On the MEMS scale, the various components 
are well suited for their particular tasks and the Applicant has found them to be suitably 
robust. 
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However, on a macroscopic scale, the various components can easily be damaged 
by such factors as handling and ingress of microscopic detritus. This microscopic detritus 
can take the form of paper dust. 

It is therefore desirable that a means be provided whereby the components are 
protected. Applicant has found, however, that it is difficult to fabricate a suitable covering 
for the components while still achieving a transfer of force to an ink-ejecting component 
and efficient sealing of a nozzle chamber. 

The Applicant has conceived this invention in order to address these difficulties. 

1 0 SUMMARY OF THE INVENTION 

According to a first aspect of the invention, there is provided a micro- 
electromechanical fluid ejection device that comprises 
a substrate that incorporates drive circuitry; 

nozzle chamber walls and a roof that are positioned on the substrate to define a 
nozzle chamber with the roof defining a fluid ejection port in fluid communication with the 
nozzle chamber; 

a fluid-ejecting member that is operatively positioned with respect to the nozzle 
chamber, the fluid-ejecting member being displaceable with respect to the substrate to eject 
fluid from the fluid ejection port; 
20 an actuator that is connected to the fluid-ejecting member and to the drive circuitry, 

the actuator being displaceable upon receipt of an electrical signal from the drive circuitry 
to displace the fluid-ejecting member and thus eject fluid from the fluid ejection port; and 

a covering formation that is positioned on the substrate so that the substrate and the 
covering formation define an air chamber, the actuator being positioned within the air 
chamber. 

The device may be the product of an integrated circuit fabrication technique. 

The substrate may include a silicon wafer substrate, a CMOS drive circuitry layer 
positioned on the silicon wafer substrate and an ink passivation layer positioned on the 
CMOS drive circuitry layer. 
30 Each fluid-ejecting member may be positioned in its respective nozzle chamber and 

may be displaceable towards and away from the fluid ejection port. 

Each nozzle arrangement may include a work-transmitting structure that is 
displaceable with respect to the substrate and is connected to the fluid-ejecting member so 
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that displacement of the work-transmitting structure results in displacement of the fluid- 
ejecting member. The actuator may be connected to the work-transmitting structure to 
displace the work-transmitting structure. 

The roof, the work-transmitting structure and the covering formation may together 
define a protective structure that is positioned in a common plane. 

A plurality of fluid inlet channels may be defined through the substrate, with each 
fluid inlet channel opening into a respective nozzle chamber. 

The roof, the work-transmitting structure and the covering formation may be 
configured so that the protective structure is unitary. 
10 According to a second aspect of the invention, there is provided a printhead chip for 

an inkjet printhead, the printhead chip comprising 

a substrate; and 

a plurality of nozzle arrangements that is positioned on the substrate, each nozzle 
arrangement comprising 

nozzle chamber walls and a roof that define a nozzle chamber with the roof 
defining an ink ejection port in fluid communication with the nozzle chamber; 

an ink-ejecting member that is positioned in the nozzle chamber, the ink- 
ejecting member being displaceable towards and away from the ink ejection port so 
that a resultant fluctuation in ink pressure within the nozzle chamber results in an 
20 ejection of ink from the ink ejection port; 

at least one work-transmitting structure that is displaceable with respect to 
the substrate and is connected to the ink-ejecting member so that displacement of 
the work transmitting structure results in displacement of the ink-ejecting member; 

an actuator that is connected to the work-transmitting structure, the actuator 
being capable of displacing the work transmitting structure upon receipt of an 
electrical drive signal; and 

air chamber walls and a covering formation that is positioned over the actuator, 
the air chamber walls and the covering formation defining an air chamber in which 
the actuator is positioned, the roof, the work transmitting structure and the covering 
30 formation together defining a protective structure positioned in a common plane. 

The invention is now described, by way of example, with reference to the 
accompanying drawings. The following description is not intended to limit the broad scope 
of the above summary. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, 

Figure 1 shows a sectioned, three dimensional view of a nozzle arrangement of a 
printhead chip, in accordance with the invention, for an inkjet printhead; and 

Figure 2 shows a three dimensional view of the nozzle arrangement of Figure 1 . 

DETAILED DESCRIPTION OF THE INVENTION 

In the drawings, reference numeral 10 generally indicates a nozzle arrangement for 
10 a first embodiment of an inkjet printhead chip, in accordance with the invention. 

The nozzle arrangement 10 is one of a plurality of such nozzle arrangements formed 
on a silicon wafer substrate 12 to define the printhead chip of the invention. As set out in 
the background of this specification, a single printhead can contain up to 84 000 such 
nozzle arrangements. For the purposes of clarity and ease of description, only one nozzle 
arrangement is described. It is to be appreciated that a person of ordinary skill in the field 
can readily obtain the printhead chip by simply replicating the nozzle arrangement 10 on 
the wafer substrate 12. 

The printhead chip is the product of an integrated circuit fabrication technique. In 
particular, each nozzle arrangement 10 is the product of a MEMS - based fabrication 
20 technique. As is known, such a fabrication technique involves the deposition of functional 
layers and sacrificial layers of integrated circuit materials. The functional layers are etched 
to define various moving components and the sacrificial layers are etched away to release 
the components. As is known, such fabrication techniques generally involve, the replication 
of a large number of similar components on a single wafer that is subsequently diced to 
separate the various components from each other. This reinforces the submission that a 
person of ordinary skill in the field can readily obtain the printhead chip of this invention 
by replicating the nozzle arrangement 10. 

An electrical drive circuitry layer 14 is positioned on the silicon wafer substrate 12. 
The electrical drive circuitry layer 14 includes CMOS drive circuitry. The particular 
30 configuration of the CMOS drive circuitry is not important to this description and has 

therefore been shown schematically in the drawings. Suffice to say that it is connected to a 
suitable microprocessor and provides electrical current to the nozzle arrangement 10 upon 
receipt of an enabling signal from said suitable microprocessor. An example of a suitable 
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microprocessor is described in the above referenced patents/patent applications. It follows 
that this level of detail will not be set out in this specification. 

An ink passivation layer 16 is positioned on the drive circuitry layer 14. The ink 
passivation layer 16 can be of any suitable material, such as silicon nitride. 

The nozzle arrangement 10 includes nozzle chamber walls 18 positioned on the ink 
passivation layer 16. A roof 20 is positioned on the nozzle chamber walls 18 so that the 
roof 20 and the nozzle chamber walls 18 define a nozzle chamber 22. The nozzle chamber 
walls 18 include a distal end wall 24, a proximal end wall 26 and a pair of opposed 
sidewalls 28. An ink ejection port 30 is defined in the roof 20 to be in fluid communication 
10 with the nozzle chamber 22. The roof 20 defines a nozzle rim 32 and a recess 34 positioned 
about the rim 32 to accommodate ink spread. 

The walls 1 8 and the roof 20 are configured so that the nozzle chamber 22 is 
rectangular in plan. 

A plurality of ink inlet channels 36, one of which is shown in the drawings, are 
defined through the substrate 12, the drive circuitry layer 14 and the ink passivation layer 
16. The ink inlet channel 36 is in fluid communication with the nozzle chamber 18 so that 
ink can be supplied to the nozzle chamber 18. 

The nozzle arrangement 10 includes a work-transmitting structure in the form of a 
lever mechanism 38. The lever mechanism 38 includes an effort formation 40, a fulcrum 

20 formation 42 and a load formation 44. The fulcrum formation 42 is interposed between the 
effort formation 40 and the load formation 44. 

The fulcrum formation 42 is fast with the ink passivation layer 16. In particular, the 
fulcrum formation 42 is composite with a primary layer 46 and a secondary layer 48. The 
layers 46, 48 are configured so that the fulcrum formation 42 is resiliently deformable to 
permit pivotal movement of the fulcrum formation 42 with respect to the substrate 12. The 
layers 46, 48 can be of a number of materials that are used in integrated circuit fabrication. 
The Applicant has found that titanium aluminum nitride (TiAIN) is a suitable material for 
the layer 46 and that titanium is a suitable material for the layer 48. 

The load formation 44 defines part of the proximal end wall 26. The load formation 

30 44 is composite with a primary layer 50 and a secondary layer 52. As with the fulcrum 
formation 42, the layers 50, 52 can be of any of a number of materials that are used in 
integrated circuit fabrication. However, as set out above, the nozzle arrangement 10 is 
fabricated by using successive deposition and etching steps. It follows that it is convenient 

ZG015US 



7 



for the layers 50, 52 to be of the same material as the layers 46, 48. Thus, the layers 50, 52 
can be of TiAIN and titanium, respectively. 

The nozzle arrangement 10 includes an ink-ejecting member in the form of an 
elongate rectangular paddle 54. The paddle 54 is fixed to the load formation 44 and extends 
towards the distal end wall 24. Further, the paddle 54 is dimensioned to correspond 
generally with the nozzle chamber 22. It follows that displacement of the paddle 54 towards 
and away from the ink ejection port 30 with sufficient energy results in the ejection of an 
ink drop from the ink ejection port. The manner in which drop ejection is achieved is 
described in detail in the above referenced patents/applications and is therefore not 
1 0 discussed in any detail here. 

To facilitate fabrication, the paddle 54 is of TiAIN. In particular, the paddle 54 is an 
extension of the layer 50 of the load formation 44 of the lever mechanism 38. 

The paddle 54 has corrugations 56 to strengthen the paddle 54 against flexure 
during operation. 

The effort formation 40 is also composite with a primary layer 58 and a secondary 
layer 60. 

The layers 58, 60 can be of any of a number of materials that are used in integrated 
circuit fabrication. However, as set out above, the nozzle arrangement 10 is fabricated by 
using successive deposition and etching steps. It follows that it is convenient for the layers 

20 58, 60 to be of the same material as the layers 46, 48. Thus, the layers 58, 60 can be of 
TiAIN and titanium, respectively. 

The nozzle arrangement 10 includes an actuator in the form of a thermal bend 
actuator 62. The thermal bend actuator 62 is of a conductive material that is capable of 
being resistively heated. The conductive material has a coefficient of thermal expansion 
that is such that, when heated and subsequently cooled, the material is capable of expansion 
and contraction to an extent sufficient to perform work on a MEMS scale. 

The thermal bend actuator 62 can be any of a number of thermal bend actuators 
described in the above patents/patent applications. In one example, the thermal bend 
actuator 62 includes an actuator arm 64 that has an active portion 82 and a passive portion. 

30 The active portion 82 has a pair of inner legs 66 and the passive portion is defined by a leg 
positioned on each side of the pair of inner legs 66. A bridge portion 68 interconnects the 
active legs 66 and the passive legs. Each leg 66 is fixed to one of a pair of anchor 
formations in the form of active anchors 70 that extend from the ink passivation layer 16. 
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Each active anchor 70 is configured so that the legs 66 are electrically connected to the 
drive circuitry layer 14. 

Each passive leg is fixed to one of a pair of anchor formations in the form of passive 
anchors 88 that are electrically isolated from the drive circuitry layer 14. 

Thus, the legs 66 and the bridge portion 68 are configured so that when a current 
from the drive circuitry layer 14 is set up in the legs 66, the actuator arm 64 is subjected to 
differential heating. In particular, the actuator arm 64 is shaped so that the passive legs are 
interposed between at least a portion of the legs 66 and the substrate 12. It will be 
appreciated that this causes the actuator arm 64 to bend towards the substrate 12. 
10 The bridge portion 68 therefore defines a working end of the actuator 62. In 

particular, the bridge portion 68 defines the primary layer 58 of the effort formation 40. 
Thus, the actuator 62 is of TiAlN. The Applicant has found this material to be well suited 
for the actuator 62. 

The lever mechanism 38 includes a lever arm formation 72 positioned on, and fast 
with, the secondary layers 48, 52, 60 of the fulcrum formation 42, the load formation 44 
and the effort formation 40, respectively. Thus, reciprocal movement of the actuator 62 
towards and away from the substrate 12 is converted into reciprocal angular displacement 
of the paddle 54 via the lever mechanism 38 to eject ink drops from the ink ejection port 
30. 

20 Each active anchor 70 and passive anchor is also composite with a primary layer 74 

and a secondary layer 76. The layers 74, 76 can be of any of a number of materials that are 
used in integrated circuit fabrication. However, in order to facilitate fabrication, the layer 
74 is of TiAlN and the layer 76 is of titanium. 

A cover formation 78 is positioned on the anchors 70, 88 to extend over and to 
cover the actuator 62. Air chamber walls 90 extend between the ink passivation layer 16 
and the cover formation 78 so that the cover formation 78 and the air chamber walls 90 
define an air chamber 80. Thus, the actuator 62 and the anchors are positioned in the air 
chamber 80. 

The cover formation 78, the lever arm formation 72 and the roof 20 are in the form 
30 of a unitary protective structure 92 to inhibit damage to the nozzle arrangement 10. 

The protective structure 92 can be one of a number of materials that are used in 
integrated circuit fabrication. The Applicant has found that silicon dioxide is particularly 
useful for this task. 
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It will be appreciated that it is necessary for the lever arm formation 72 to be 
displaced relative to the cover formation 78 and the roof 20. It follows that the cover 
formation 78 and the lever arm formation 72 are demarcated by a slotted opening 94 in 
fluid communication with the air chamber 80. The roof 20 and the lever arm formation 72 
are demarcated by a slotted opening 96 in fluid communication with the nozzle chamber 
22. 

The lever arm formation 72 and the roof 20 together define ridges 98 that bound the 
slotted opening 96. Thus, when the nozzle chamber 22 is filled with ink, the ridges 98 
define a fluidic seal during ink ejection. The ridges 98 serve to inhibit ink spreading by 
10 providing suitable adhesion surfaces for a meniscus formed by the ink. 

The slotted openings 94, 96 demarcate a torsion formation 100 defined by the 
protective structure 92. The torsion formation 100 serves to support the lever mechanism 38 
in position. Further, the torsion formation 100 is configured to experience twisting 
deformation in order to accommodate pivotal movement of the lever mechanism 38 during 
operation of the nozzle arrangement 10. The silicon dioxide of the protective structure 92 is 
resiliently flexible on a MEMS scale and is thus suitable for such repetitive distortion. 

Applicant believes that this invention provides a printhead chip that is resistant to 
damage during handling. The primary reason for this is the provision of the protective 
structure 92, which covers the moving components of the nozzle arrangements of the 
20 printhead chip. The protective structure 92 is positioned in a common plane. It follows that 
when a plurality of the nozzle arrangements 10 are positioned together to define the 
printhead chip, the printhead chip presents a substantially uniform surface that is resistant 
to damage. 
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